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PROPERTIES OF SOME EXPANDED PLASTICS 

AND OTHER LQW-DtiN&.?-:MATZRIALS 

By Benjamin M. Axilrod and Evelyn Koenig 
.-. . 

-. ., 
a.. I. . . . 'SUMMARY 

r:, . : 4 : _.- -- 
*. 

Various mechanical and physical properties of severC51""': 
expanded plastics and other low-density materia1.s of int'$rir'"a??---- 
for aircraft applications, such as heat insuiation 02 *kHti -.*-- 
core of a sandtifch siater2a1, were investigated-. The material‘s 
included ix-i thB,'$fogr&m Were cdllulose acetate plastic,'.$dl$- 
styrene, a urea-formaldehyde resin, a zein product, %-am% 
bet, *balsa wood, and BeI1ulat-r giassi- The proper.ties stii-died--' 
included'density,-; thermal conductivity, dimensional s$a%xmF- 

- 

on..exposure td.extreme$"of temperature'and relative humidity, 
resf'stan'ce of tEe:dih%tbri’ale to chemgca2l.s. ana flexural*and. - 
compressfve stren'gths and moduli of eiastidfts.~ I -.. -- - .- 

' ' .Y2he:~dee$s$ty b'F the' poiystg;r'eiie'~~Qx~~n~ed material was a 
fourfh-J".u:IP4Q-~6rmal.d'8h3;d8‘ one-half; 'ana'h&'rd. rubber -and--ceiL-' A 
lul.o'd& ac~~.de'8r.~ibd'u't~"dhe same 'as tifi&t 'df-‘the low-hens$ty :"'T. :,-i 
bals&,i :'0'.%8' 'gram .$e;r' c<bic centimeter-i :'*,T;he ,'other mate.ria,.Ja 
hadJ'@"eQ'ti'&~w '$e,&j'it3e$'than b&se. . * ' _ . :. . -L..' . 

. . . . .- - I _ -' . . - - -t -*-)-:c, -I, .:, .- : :I ' 1 Jl;P:> 

The, h'ard'"r'ubbsk h'ad the loties$'&ermal conductivit$ .if.':". 
I 

the-:WaVer4'a~ls t%k*te'd and oo'mpa?e.d :c$v'oraSbl'g. w!-k,h ,cornrne$oJ:LT* ,- 
insulating ~titi’t”Ei~~a’ls. 

. .- 
-,,i -=,;: . “.‘. I -~.-~ ,.;,tp-r: - , .a ” : 

. 

Y 

The glass and polystyrene expanded mat,erials e,xhibi,t.ed 
the smallest ':chii'n'ge& in weight and fn'dimensions'on .exp.o,s'ure 
to extremes of t%"tipe'r&turis ati3 r‘,eI.atfve ~;mI~~yl‘--~6-l;ythe-'~~' 
glass-mat'erP-al're.mBined Iinaffected after'?,'m'onthk?l outdoo~.~_~~.. 
exp0sCr.e. %?he L'east dim8nsb'bnal an& psrS&a&* Geighi'phangss' 
on immersion in various chemicals and after drying were' exhib-. 
ited by the glass product and hard rubber iF,,that orper, . 

._ . 1 _ ; -_. t.-.,. .,- ,),' , - *I. ..::: ^ 
Balsa*wes greatly superior to.the other-materials' in ""'-" 

modulus,of-,rupture in bending'.aa&"in ?lekural modulus of a -" I' -- -. -.. -- 
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of elasticity. The hard rubber had-the higheet,modulus of 
rupture and flexural modulus of elasticity of the expanded 
organic materials. On e stiffness-weight basis, the flex- 
ural properties of the polystyrene approached those for the 
bal se. Balsa was much superior to the other materials in 
compressive properties. 

Il!JTRODUCTIQN 

. - 
Recently, various expanded plastics of low-ieneity and 

porous structure have been developed. Some information on 
the mechanical properties of four such materials, cellular 
cellulose acetate, calcium alginete, and two other materials 
believed to be natural or synthetic sponge hard rubber, has 
been reported. (See reference 1, > As the density and cell 
structure can be varied in these expanded materials, they 
seem promising for several applications in the field of air- 
craft construction. They may have low e.nough thermal conduc- 
tivities to make them useful for heat insulation. If their 
strength-density properties are reasonably good, the sxRanded 
products bay fi.nd application in the core of a sandwich !mate- 
rial ihaviing high-strength, hisghddensity faces. In this con- 
nections:it .is ttorth noting that .balea wood is being used suc- 
cessfully as a core material in the structure of the Mosquito 
bomber. (See reference 2.1 

. 

5he,..purpose o.f this investigation was to obtain infgrma- 
tion re,garding the p.r.operties of several types of -expanded. r.. 
materials *which are available from commercial sources. ,:With.~., 
this ..i:pf‘ormatlon it should .be- possible to select materials, . . ..r 
for specific applications. The p.ropert.ie.s investiget.ed were 
density, thermal conductivity, dimensional stability on ex- 
posure to extremes of temperature and relative humidity, 
resistance of .the materials to water, lubricating oil, gaso- 
line and other chemicals, and flexurel and compressive 
Strengths and moduli of elasticity. 

I 
The expanded plast icB’ included% in :thi.s inv.es.t.igat i on 

were cellulose acetete, polystyrene, a, urea-formal,dehyde . 
resin, and a &sin ,(protein). base product.. Other materials 
at,udied were.8 cellular *hard, rubber, bals’a wood,. and a ccl- . 
lular glass. : u 

This investigation’, conducted ‘et the National Bureau of 
Standards,. La’s sponsored by. and’ conducted with .the flnanc-ial 
assistance .of‘ the National< Advisory Committee for Aeron’autics. 
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Acknowledgmeqt :i&..du_e:.~.ootr,,;,L~ K. Hyde and O..S. Peter6 
Company,:Wash~ngton'; D. c..; for sugg.es$ing a method..for using 
a SOUthWark-Peter6.p~a?%,ic~~exteps@mete~..to~~give load-deforma 
tion reCOrd6.in COmpr0sSiOn testing. 

,-L: ..-. .(i . . :* . 'f .: '. :-' ; i. : -' - -: 
'. I : . .a- . -: . . . a. -. -i: 8. . 5'. - , -. ," i, . -: . . 

. 
The material6 tested and their description, including 

6ome data from the ~manufacturer,.we;.re.ae follows: 

(a) The cell 1 u ose acetate expanded plastic wa6 furnished 
in sheet6 Q.5 inch thick with,,qy&igdrical cel~$.orientedper- 
pqndicularly to the plane of-the sheet: 
plied by E. I. 

Thislmaterial, sup- 

by first 
du Pont de.Nemoqrs ,Fqd-G?qpany? b&r "formed , 

mixing cellu~ose.ace~dfe.wl~h sqfvent,':trsat$ng'it 
under variable temperature and pressure conditions, and 6x---'- 
panding it by iuddeniy releaising'the pressurb.!*'.8 . L . 

(b) The polystyrene expanded plastic was supplied by the 
Dow Chemical Coqpany us$er; the deqignat+qn "Q-10+ Styrofoam," 
in sheet5 1 inch'thick with'clbeed/ approximately spherical 

- 
- 

oells about l/16 inoh in dianf:ter., * 1. . , . *,. I-e' * I . .?I' ;: . Jr ._._ 

.(e) The hard ru.p,ber eqpanded.material,waa mad.e in elabs 
1 i'nch ‘thio'k 'by :the unit'ed .St+at.es. Rq.bber ,+~&ngapy'and desig-. 
nated '11#2.;/6G'.z4iGd ~q~~.lu'lar board." Th'i6+,oduCt dontai'na 35 
percent, fJll!e‘r i.and .;Q per-cent sof,fenb,r- and;h&s' a skin of the 
aaq?e co~~po,~~it'~o:n.~el~.,~~e core. . The .material has &iosed,l ap-. 
profim&tely &Keridal’ C&l16 aborit l/50 fnc'h in diameter tiifh 
a few larger cells, about l/16 to l/8 inch in diameter. 
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(f) Balsa wood, ,in two densities, wae supplied in the 
form o'f boards 2 to 4 inches thick,by the Naval Air Bxperi- 
mental Station, gaoy Yard, Philadelphi'a, Pa'., .t * 

c 

(g> Glaee, 
-w, 

in the form of a closed, spherical cell prod- 
uct , called 6Foamglaes,1' was furnished in 2-inch-thick elaba 
by the Pittsburgh Corning Corporation. The Foamglaes wa6 
l'cellulated by the evolution of internal gas at high temper- 
ature6." 

:TEST PROCEDURES AND EQUIPUNT 

The procedure6 employed were si'milar, in general, to 
those described in Federal Speoiflcation.&-P-406a. (See ref- 
erence 3.): The specimens for the various tests were condi- 
tioned at 77' F and 50 percent relative humidity for at'leaat 
2 days prior to test and tested under these condition5 unless 
otherwise specified. 

Weight and Dimensional Measurements 

The specimens were weighed on an analytical balance of, 
the magnetically damped type'which permite rapid weighing. 
In measuring the dimensions of the Bpeaimens it Was found 
that Borne of the material6 were soft enough that the foot.of. 
an ordinary dial thicknei‘s gage would sink in a conBiderab)b . 
amount, 'A Schiefer comp+eBsometer (fig. 1) was used for di-.: 
mensional measurements .Bince:with thi6 instrument a light 
controllable load can %be' applied,to the dial foot, (Seb ref- 
erence 4.) For most measurements the force on the l-inch- 
diameter foot w&B adjusted to 0.1 pound. In this instrument, 
the lower dial graduated%n O.OOl-inch unit6 indicate6 the 
thickness of the specimen and the upper dial, the pressure 
applied. For some teste the change6 In softness of the mate< 
rials were estimated w,ith the compxessometer by .measuring,.ths. 
dimen5iOnB for two different-pressures,. v 

,I.. . 
The density 'of, the teet~s&sci,&en5~was calculated"from 

weight and dimensional measurements, , : 

The thickness of the.tea.t .s.pecimenrr. waB .the Bame a6 that 
of the':Bheets supplied, except ,.f.or the balsa, in.:which c,ase 
the'eipetiimens were taken from 1-iinch-thick p.laned boardi. 
The lenithwise direction wa6 .taken along the, I;en&'h of the 
sheet; if.the sheet waB Bquare., I . .the,.lengthwiBe direction was 

I' .t . . L, . .! , '. ,y . c : . 1'., 38,. , I ' .'; .-,, , : . _ I I .- . ,:. ..v' .\ : -, : 

, 

- 

‘. 

L 

.- 
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arbitrarily chosen. "For the. balai.:thb iengthtiise, direction -] -- 
was with th,s gjc*ain. .... 

1. -.-- I . .I I . . ., . ,. 
,: . ,,:,- . I - I -.. -. - -- -- . 

Thermal'Conduativity 

The materials were tested..in an &inch guarded hot plate 
apparatus in a manner similar 'to that-described in Federal 
Specification LLL-F-32lb. -(See reference 5.) The specimens, 
8 by 8 inches s'quare, were dried in &n oten at 140' to 150' F 
for about 16 hours prior to.$.e,st; . h * -= . . . .- . ;I>, -- 

: . * . 
.- . ., ~ - ---_ 

Resistance to Extremes of 'Tempsrature.$nd'Humidity . r . . . . 
The materials were subjected to the accalargted,service 

tests described in Method 6011, Federal Specifi:cation.LP-406a. 
(See reference 3.) The conditions in these tests are as*fol- 
lows: - . t . * 

Test I: 24 hours at 
24 hours at 

. Test II: '72 hours at 

' Test-.III: --: . : 34 ljoure .at 
.-y, . . humidity 

24 hours at 
t 

' Tegt. IV: 24 hours at . 
,- '6 - : - 'humidity 

'24 hours at 

140°-3, 88, percent relative humidity 
l$O" 8,'in Fir'culatinB-air ovsn - - c 
1400 3; 

' 7 r f. 7 
in-'circulating-air oven . - _'- . _ .-. . s 

16Oo P, 70 'to- :?5 percent relative . . v . - L-1. -.: xa.-: 

1?5O F,: in circulating-air oven -.- 4 . 

-.Tes$ V; 24 hours at 175' ..!.'. v .I F, 70 to 75 percent relative 
. ., . . . humidity .,; . 24 hcu,rr-;at ;,4.0b"'F, dry-ice' refrigerated hot 

24 hours::a$~.l.?5o'$', in circulating-air oven 
24 bhour-q.at:.-40 . , a"$ . 'dry ice refrigerated box - _- - - 1. -.- 

Duplicate 'specimenq 'a4:'e.8;1chr *m&er'ial, 
I 

3 by 3 inches by the, 
thickness,aere subjec.te,d t:s <lie five te$ts in the orde.2 ij.sted, 
and were weighed and mgasured ilil'tially and -after each exposure 
period. 

Accelerated Weathering . ., :,.: 
:I .' - i The' mate&a&s were subjected to a'Eternate~ exposure to a 

temperature of 150° F in a circulatingsai'r oven and tomois- 
ture in a fog chamber at a temperature of ?7O F. The daily 
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schedule included 2 hours in the fog chamber, 2 hours in the 
oven, 2 hours in the fog chamber, and 18 hours in the oven. 
The duration of the test was 240 hours, Two sueoimens of 
each material, 2 by 2 inches by the thickness, were weighed 
and measured initially and at the end of the test. 

Natural Weathering 

Samples of the materials were placed outdoors on March 
15, 1944, in Washington, D. C., on exposure racks that faced 
south and were inclined at 45' to the horizontal. Two flex- 
ure test specimens were cut from each sample prior to the out- 
door exposure. It is planned to make flexure tests on speci- 
mens taken from the samples after a year's exposure. The 
samples were examined May 15 after 2 months' exposure, and on 
October 17 after 7 months' exposure. 

Resistance to Chemicals 

The materials were tested for their resista’nce to the 
follpwiqg chemicals: water, 95 percent ethyl alcohol, ethyl- 
ene glycal, glycerol, diacetone alcohol, SAl .lO motar oil, 
heptane, and an aromatic gasoline blend consisting of 60 per- 
cent loo-octane gasoline, 20 percent tolpepe, 15 percent xy- 
lene, and 5 pepcent benaene. One specimen of.each material, 
2 by 2 inches by the thickness, was weighed and mt5asured be- 
fore and immediately after immersion for 7 days. The meas- 
urements were'repeated after 71 days of air drying. R'ac-h 
specimen was placed in a separate container. A duplicate set 
of specimens was subjected to the 24-hour water. absorption 
test described in Method 7031, 
(See reference 3.) 

Federal Specification L-P-406a. 

The softening of the specimens imsefsed in chemicals 
was measured with th+,cDmpressometer in the following way. 
The length, width; 'anQ.$hqqbness measurements before and 
after immersion &nd,oq dr$LLng the specimen were made with. 
both a O.l- and a l-pound force on the dial foot. The dif- 
ference in hundredths of a.n i&h between the measurements 
with the two loads'on tbe .d.Ul foot is defined as &he soft.? 
ness index. I 

Flexure Tests 

Flexure tests were made with a self-alindng, adjustable- 
span flexure jig (fig. 2) maunted'tq a universal hydrau;$c 

1 
' ?I ,. 'j : . '3 
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testing machine. After the flexure jig had been centered 
c and alined relative to the pressurb.piece A, it was kept in 

place with a magnetic chuck B.‘ The span could be subse- 
quently adjusted to any value from 1.6 to 9 inches by means m of the calibrated screw C without recentering or realining. 
The support pieces D each had a radius of 0.125 inch and 
the pressure piece a radius of 0.50 inch. The deflection of 
the specimen at the center of the span was indicated by a 
Southwark-Peters plastics extensometer E attached to an 
equal-arm lever F in contact at -one end w%th the lower face 
of the test specimen. A flat piece of plastic was placed be- 
tween the specimen and the ehd of the lever to keep -the--edge 
of the lever from pushing into the test specimen. iVith- this- 
apparatus and the associated recorder, load-deflection‘graphs- 
were obtained during the testing. A specimen in place ready' 
for testing is shown in figure 3. 

The testing machine had a capacity of 2400 pounds and a 
low range of 240 pounds which was used for most of the tests. - 
The estimated error of the load indicator when the load- 
deflection graphs were made was less than 0.5 pound for the 

The .deflection indicator was accurate to 240-pound range. 
within 5 percent in .the range of 0.01 to 0.1.Inch and 2.p.er- 
cent..in the range 0.1: to Of4 inch. 

- 
The sp.ecim~hs~welr8.2:il)chss wide and had a depth equal--' 

,to the th$c,kness of .the rn,at,~ria~~;~ 'the span-depth ratio -V&S 
maintained at '7' to l., T8ss.t+ w,e.r:a made-?or the-two grades ET- 
balsa with a flexure jig of larger span to obtain modulus of 
rupt,u.ra vIahue,sL,,f,or. a span-depth rat,10 of 16 to i..- Y- 

.~ ., i I, :. y< 
-i ' ~~T,ii~: &++ip s. ..o f, *rup'tur 8 ' sr .tias-calculated from the :‘ _ 

u3ua9 ;f..crmlLlkr: *Y' I - - . . . . . 

- ',, ! Ci <! ' i; I; w 'TS I: I -. 
. *. J I, ;. ._ * " . ., . ,, . sr 

. 5 8p1 .- .--. - ..- .._ ._ .,:. .. 

: . 
!: ..:: . . ;m ' . . .: . . 2bha I : 

whe'e -- : - ' ;. * >: r-8 

- . . :: t ,- ;' ,7-- -. * = 1 

P 
.- - _ .: 

- 
maximum load . ; : '7 &I :. r; ' L, i : '1 

. 

b t . . 1 .width ' :"' . . . : '.C :. '. _ =. _ =_ r. a.. . ..f, '. _. .!. '.‘ ‘f . ! '.; ._ . . . ..,b*: .:. 

. depth .qf the,'specim8"n ., 
; -T--m \ 

h '. .a T- .- 
. II. : . . * ‘ -.' I - e-L--- 

The slope of thb straight Gbrtion'of th8"io'adLdefiSectioh. 
graph was determined,.and from this the l'effective flexural 

- 
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modulus of, elasticity, II If, negleating the deflections due- 
to shear and to concentrated loads at the sdppd;rts, was cal- 
culated as follows: . _ 

where p/x is the slope of the load-.deflection graph, The 
other quantities were defined for the preceding equation. 

Tests were made both with and without plywood or acry- 
late resin pads at’the support pieces to determine the effect 
of the local deformation on the flexural modulus of elastic- 
ity. 

Compression Tests 

Th8 materials were’subjected to flatwise and ,8dg8WiSe 
compression teets. Two universal hydraulic testing machines 
were used to accommodate the wide range of maximum loads re- 
quired for the various materials. One had ranges of 240, 
1200, and 2400 pounds and the other had ranges of .2400, 
12,000, and 60,000 pounds. 
strutted with brackets (fig. 

Special bearing blocks were Coh- 
4) to permit using the Southwark- 

Peters plastics extensometer for deformation measurement 8. 
With this equipment and the,associated recorder, load-deforms- 
tfon_graphs were obtained’ durfng the test.. . 

. The flatwise compression test specimens were 3 inches 
square with the height equal to the thickness of the sheet 
except for the balsa. The latter spec.imens were .cut from l- 
Inch-thick planed boards: ‘!l?ssts were made both with and with- 
out an aluminum alloy spherical seat. Figure 5 shows a poly- 
styrene specimen ready for test with the spherical seat in 
place and the extensometer attached to the bracketo, When 
the spherical seat was used, it was adjusted so that the plane 
surface of the top part was parallel to the surface of the 
upper fixed bearing block. . 

The edgewise compression tests were made on lengthwise 
and crosswise specimens the heights and widths of which were 
twice the thickness. The balsa specimens were taken from l- 
inch-thfck planed boards. The ends of the specimens were 
made flat and square on a sanding disk, Most of the maferi- 
ale were tested without the spherical seat. A balsa specimen 
in place for edgewise compression testing is shown in figure 
6. 
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BESUDTS. AND DISCUSSION, 

. . Density * , . . . _ . 
,- .L. : ; :-I 'T * 

The densities cif-the specimens were determined.in many..... 
of the tests, 'and the values are shown in the tables.. Th-q e, 
approximate average densities o.f the expanded mate.rials in 
grams per cubic centimet.er are .&a follo.ws: . cellulose acet$t.e.. 
0.08 to 0.09; polystyrene 0.02; zein 0.16 to 0.18; urea-" " ' 
formaldehyde 0.04; hard rubber 0.0'7 to 0.08; low-density balsa 
0107 to 0.09; high-density,balsa 0.16 to 0.32; glass 0.16 to 
0.17. 

..I . ;. ‘.k : 
b’ : - 

.:..: . . Thermal 'Conductivity 
- '" -9 .- " - -I : :. .i. : .. 1 ; - , '1 

2': .: 1 
.,.. 1:1': ?.: -.- 

-* ,. ..w . 
The ,rdsults of the thermal-transmission.measurements"a;e~~ 

given~*fn.table I. ,The hard rubber had the lowast,cdndudtiv- 
ity, the value-for H being 0.25 Btu per hour per sqGare 
foot per *degree Fahrenheit per inch at 95' F. This compares 
favorably with many..of the rigid.and most of the.fibrous com- 
mercial insulating materials. (See references 6:.and.7.) 

.- * ;.. . f..r;i. - - . 
s . :..., * . . .: 

R~sistance~to~DxtSemss of Temperature aad!RImidity 
.'. , , r _ - r. 

The.results. of these tests are given in -table II. The 
least weight changes, less than l& percent;were shpwn by.,~.~~;~ 
polystyrene. l"'The glass also exhibited very slight changes,;, 
in weight. The hard rubber, zein, and low-density balsa 8x-,;- 
hibited'weigHt.bhanges'of 5-to 20 percent when sub>jected. ..::; 
alternately to high and low relative humidities..~ . , 1. -.:. 

-. ~I~h~'~dEi~tf~iniensionBl change& tiirere exhibited by the-in- 
b~g~~ic_~~obuc~"BPass, and the polystyrene;‘ the &anges Pod:-)- 
these%$td?Tals were generally,less than 6'i5 Dercen'iY. The i- f?;., 
g'i~s.'5;.ti8~er-~al,crQm!!les at'the surface-of eontact‘ on handling: -.- 
whic'h e%pY&inS the negative trend 'of"the.,changes. 'The other '.? 
mate~i&~sO'exhibited c'h&nges of about.1 to-5 .per-Cent-when e'x'iYYr 
posed alternately to high and low relative humidity. -- - 

IIn contrast to the.other qrganic materials the poly- 
styrene regularly lost weight during a high-humiiity perlo-d - 
and gained weight during.thg followiqg~lgw-humiditycondition:-.-. 
The reason for this is:nqt known,' but. siqd<ythe.changes -Ge-$e- 
small this behavior may not be..signifioant.: ,; :a= ., %"*-'*' :. . . . ?' '1 5 

tz..- .. m. r . . -- . hi .a 
* . " * il ; 4 
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Accelerated Weathering 

The changes In weight and dimensions after the 240-hour 
oven-fog test are given in table III. The resultant changes 
in weight were less than 1 percent for cellulosg acetate, 
low-density balsa, and glass, and between 1 and, .2 -percent 
for the other materials. The resultant changes i,p, the dimen- 
sions were between l/2 and 3 percent for all materials and 
nearly all of the changes were negative. 

Natural Weathering 

The condition of the samples exposed out doors la shown 
In figures 7 and 8. The results of warp and shrinkage meas- 
urements are given in table IV for the ‘I-months’ exposure 
peri od. The inorganic glass product exhibited the ,leaet 
shrinkage and warp and appeared unaffected by the e.xpo;sure. 

The polystyrene exhibited very little warp or ‘shrinkage, 
but the face exposed to the light had become embrittled..,with 
the result that erosion by the wind reduced the sampl8;t.o. 
half its original thickness. The specimens of polystyrene 
which had been subjected to the heat-fog accelerated weather- 
ing test did not show thfs surface embrittlement. Specimens 
of polystyrene were subjected to the ultraviolet light-fog 
accelerated weathering test described in Method 6021 of 
Federal Specification L-P-406a (reference 3); the materi.eql.. . 
turned yellow and the surface became sufficiently brittle so 
that it could be eroded by blowing a stream of air over t,he 
surface. This behavior was similar to that observed on the 
specimen exposed ou.tdoors for. 7 months. 

The greatest dimenstonal change of the ,hard rubber in 
either direction w&B less than that of the balsa in the cross- 
grain direction in which the greatest change occurred for 
this wood. Bowever, the hard rubb.er developed a greater warp 
than the balsa. The change’s in the dimensions of the cellu- 
lose acetate and zein were 10 percent or more, and these ma- 
terfals warped badly. 

Besi stance to Chemicals 
. . . . 

The data for weight and dimensional changes for the ma- 
terfal’s subjected to immersion in chemicals and to air-drying 

. are given In tables 8, VI, and VII. The data on softness;,.. 
indices for the materials before and after testing are given 
in table VIII. 
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The lowest percentage weight chankes on immersion were 
shown by the glass. In making d comparison of percentage - 
Change in weight, hOWeVer, the densitiel also need to be COn- 
eidered. i?or example,.glaSs, hard rubber, and polystyrene, 
on absorbing equal weight8 of the same chemical would have 
percentage increases in'weight of 1:2:8 a8 the densities are 
in the ratio 8:2:1. Hard rubber and the low-density balSa 
are of about the same density and.are readily Compared. The 
hard rubber absorbed much less chemical in all instances 
than the balsa.. 

The hard rubber exhibited dimensional changes of less 
thaq 1 percent in all.chemicals except the gasoline blend 
for which change8 of 1 to 2 percent were noted. This expandsd 
product'compared*favorably with glass in this respect. qhe 1 -- 
low-density bal8a in the direction of the grain exhibited di- 
mensional changes of less than 1 percent for all chemical8 but 
perpendicular to the grain change8 of 2=t6 3 percent were ob- .-- _. 
tained for several of the chemical8 including the alcohols. 
The cellulose a&etete dissolved in acetolie'and diacetone alco- 
hol and showed chankeg of about 6 percent inlthe length and 
width for immersion in ethyl alcohol.and ethylene glycbl. - 
The polystyrene wa8 dissolved by acetone and the gasoline 
blend, shrank about 45 percent on immersion in heptane, and 
swelled abbut 2’2 percent ih'diacetone alcohol." The remaining 
five chemi&ais,caus&?V &inensional Change8 up'to'l.5 percexifi. 
The dimensions of the eein were principally affected by th8 
alCOhOl8 and acetone, gnd the change8 in dinensione for the 
o6h&+ &hemida&'$ a&$ a:feti percent. The'urba-formaldehyde 

- - 

mate,%fal-'&xh'ibit&d df&ens3onal changes of less than-1 perbent 
for m6tbi;'bil.i be@tariei atid glycerol and.1888 than 5,percent 
Yoi;~thii'other bh~~X&als'&mplOyed. . 

2 .!> .j 2 . . . . . *'Y .* . : . - 
.' " ":;Tde 24-h&r'.tiater absorption test (table-VII) gave'resdlts 

ci5mpi+able 60 thbie obtained in-the ?-day immersion in water 
t8St8. 

From the data in table VIII it is concluded that zein ia 
softened by water, ethyl alCOhiT<.:8thylen8 glycol, and diace- 
tone alcohol; and that hard rubber is 8Often8d by the gasoline 
blend, The sli,ght ohan*ges ifi,:s@&'tnasb. ind8x:obtain&d in other 
instances are 66t coisideked iignificatit. ".' ' ' 'i **l'*. 

..- . . c -"t,'.' :..-.., - 
r F... . II - 1 I,. . . Fl&xure Tests .-' '.' ' ". .- 

, 
'TAi're&lts'of the'flextire t&strj'&& giv'en in,table IX. 

Sample'~lo&d~deflection graphs are shown in ?igur&'9.' , 
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None of. the, mate.rials tested had flexural modulus of 
elasticity values, comparable to th.8. balsa. qhe highest value 
obtained for a synthetic. .material -was about 5000 psi for hard 
rubber compared to a. .value, of 195,000 p.si for balsa of slight- 
ly higher density. UnsatLsfactor’y load-,deflection graphs 
were obtained .with the glass 80 that its flexural modulus of 
elasticity, Ma8 not .obtained. The gla?s underwent i,n,termittent 
crumbling-at the pressure .and support pieces and, since the 
deflection was measured relative to the supports, the result- 
ing load-deflection graphs were very irregular. 

The strength of .tbe balsa was much greater than that of 
the other product 8. The modulus-of-rupture value8 for the 
strongest material8 were .a8 follows: high- and low-density 
balsa, 5000 and 800 psi, rpspectively; glass, 100 psi; and 
hard rubber, 90 psi.. 

Whensthe material.8 ai6 compared on the basis ^af specific 
strength values,.. the, polystyrene is comparable to the balsa 
in stiffness an@ iti.,,~pecifi6.modu&us of rtiptu’i.e, The hard 
rubber .is the, .secoad best synthetic matepial’kith a- tenth of 
the stiffness. and @,tenth of the specific modtilus of rupture 
of balsa of the. same density. ‘. , . r 

. . ’ ~ ‘. 
‘Thea zk.;‘gxurel teet data for bale’s compare reasonably, we.11 

w.1t.h values. Tep’orted. by the Forest Prbducts’ Laboratory. ’ (See 
reference 8,.,). *.-. ‘. ::. ..- . 

I . , ( ,,. : , L -. . . . ‘. 
From the tes&i:yith ana withoyt the i&ds’*dk ‘the s;(hp’brt 

pieces, ,it is concluded that the local defbr’dakib’n du’e” t-0’ 
concentrated loads did not affect t-he fl.ejEural rn-o.d’iilu&‘bf 
elasticity data appreciably for the polys’$yrene. and hk&‘d rub- 
ber . In the case of the low-dsnsit‘y balsa,’ hdk&er, tests 
bith.out ~p~laktic pads resulted in flexural modu1u.s q-f elastic-. 
i,ty valu’ea less than half of the co’rresponding’+Eiltie~s obtained 
with plastic pads. 

L. L. :. ,, . 
. 2 .-. 

.’ * I . . . . 

. ,, . !. 
. 

The .:d:ata’ for the Zl~t&8~ z&d ‘sd”&wi$e .cdmpr’essio’n’ &est a 
are given in tables eX.&d Xi; ‘:~,es~~~~,~~e~~..‘..‘AVerag6 str’ei(8- 
strain curves for the various niate’rials are sh.ow;i iii f’i&r’8S 
10 and 11. Typical load-deformation graph8 as obtained on 
the recorder are illustrated %n.,f$gures 12 and 13. 

The Jc.ellulose acetate wir;,4t:.t~e.,fip$ro..oF celle ortented _ 
in the Platwiee dir.ection.~,exhibit.~d. t~8.,highe8f’fla~wise .- . .-.r m . : -, . . .- 
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. 
compre88iv8 IIIOdUlU8 of elasticity of tk;e synthetic organic 
materiala, 3400 pei. The aver%&e 'value obtained for balsa 
Of slightly lower d6n8ity wa8 about 1500 psi. 

'The 'flgtwis8 oompres~sibil'itp~of.the balsa' 1:s apparqntly 
ver+ S8nSitiV8 to the den'sity; when the .d.ensiCy..was incr.:e.et.@,ed-, 
two to th'ree times, the effective modulus: of elasticity val:+l,,: 
ues-were mU'l'tipli8d tenfold or Imore. The piolys.tprene, e8.i~,.~~,~ 
and‘hard.rubber were: &bout equal.in flatwis,e qoduli of elas.<..: 
ticity, exhibiting values of 300 to 600 pai+. .The 'tendency 
of the glass to crumble at the bearing surfaces makes the 
modultis o'f elasticity data &or this material uncertain. 

v. . , . - 
* In the edgewise compre88ion t68t8 the method Of measur- T 

ing the motion of the heads (fig. 61, a non-averaging methodcSi 
was checked with a pair of dial gages placed symmetrically 
relative to th8 axis of t.he testing machine heads. Good 
agreement wa8 o.btained by the two method8 for .edgeWi88 tests s 
of lOW-density bals'a; both lengthwise and cro8swise. Consi.&-' 
erable error, however, was obtained for the high-density balsa 
the mOdUlU8 of EilaStiCity of wh.ich w&8 fi:v,e to 88Ven tiq+8 
that of the low&density .balsa. As all .th8-synth,@tic produets-: 
exhibited moduli of elasticity much less than the low-dens1,t.y: 
balsa, the non-averaging arrangement shown in figure 6 wa8 
considered .sati'sfactor;Y. for theee materi.als. . 

. 5,';. * '5 . . i . . - , I,. :1 I 1 . . . . -- .-. . ,. ( 
The, :halrd ',rubber: h.ad t'he';'h?-ghest 'effective mOdUlU8 of -- 

el'a:&t‘icit'y of the expeYnbed:organic material8 in the edgewise 
t86t8r 'Ilie valtie5'for:tXe Yubber product was about 4000 psi 
Compared to 100,000 psi lengthwise and 3500 psi crosswise for 
balsa-&f t'h$:$a%re. den;s'l.%y;!~l Wi8 'compressive moduli of .elas- I 
ticity'ob‘ta~~~ed:~~for the ber'd rubber in the edgewise te$.t% 
wer’e’ tich ,hi&Qr Ithan-th&se obtained ,in the -flatwfcSd test:&. r;.- P 
The skin 'on %h'i& .mat.sr,gal' probably CaUS8d tioe%. of.%&? i-ti--'? --..i 
cress-e,. .T,he'.pol'ys'tyr8ne and' zein exhibitad conipre'esive 'mod,-'. . 
uli -of 'abdut"8'00"ps~2 in the edgeWiSe tests. .The .moduJus .of-'..: 
8last'~-Oi'ty'/idenSit'y: rat'io 'for polys-tyrene 'ts .&bout a fozti'eth 
of the corresponding ratfo for the low-density balsa in the 
length&se 'dPPe'cti.an-:a'nd about*equal to the. %arrespond5n-g 
ratio .1-n tbe *drosswi+seJ direction.. . :- . : --- 

. . -.,. .. . i.# f,: 
gh8 c'ompre e'~iVe'..yield '8t.ress of the .'low-&ensity balsa 

.---. . & 

for'GtIt+rs, l~engthwise direction. Wa8.7*00 psi c0mpare.d to 50 p8i 
for:&ha'r:d rubber and 36 psi for, polystyrene. 

. . <.: -. - . ..-..a , - 
a& ~co!np~~8~~on t.est"'data :for .balaa 'camp-ar'e reasgnably 1 

well w'%%h %he vaJ$Ses given in rqf+rence 8. , ' r . 
. - 

.L 5 .l : . o- *.. . - : * - 1- 
. .: 
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C.ONCLTM.ON.6 : 
: ” ,; -:-.: . -.. r 

:,- .’ i!’ _- 
: . ., 

.:’ 
1. The density of the polystyrene expand& ma,terl.^al waa 

a fourth, urea-formaldehyde-a. half, and hard rubbe’r and celr 
lulose acetate a,bout the”sa’me as that of the low-density 
balsa, 0.08 g-rain per cubic centimeter. The deneities of the 
‘keln and glass expanded materials were greater than. that of 

“the low-density balaa. 

I 2. The hard rubber had the lowest thermal conductivity 
of the materials tested and compares favorably with many of 
the’rigid and most of the fibrous commercial insulating mate-. 
riHls. 

,* 3. The least weight and dfmen8iOnal changes in the tests 
involving extremes of temperature and humidity were exhibited 
by the glass and polystyrene expanded materials. 

4. The organic. products were all affected to come extent 
by 7 months’ outdoor eXpO8Urei the glass product was n.naf- 
fected. .* I 

5. The least dimensional change8 and lowest percentage 
weight change8 on igmersion in various chemical8 were exhib- Y 
ited by glase and hard rubber in that order. Fox ‘these mate- 
rials the dimensional changes were less than 1 percent except 
in the case of hard rubber in an aromatic gasoline blend. 

, I ‘, 
6. Balsa was muoh superior ‘to the other materiala, fn f: ’ L 

flexural propertiee. In flexure, it8 mOdUlUB- Of elasticity ” -’ 
wae forty times and its modulus..of ruptuke ‘wae nine times the 
value’s for hard rubber of the’same density, -the strongest 
organic synthetic material. When the density iw tal!,en ‘into 
account, polystyrene approached the* balsa in apeciffc’ flex- 
ural modulus of elasticity’ an’d. spe.cl*fio modulus of rupture. 

, 

I . *. 
7.’ B’alsa was muoh .auperlor ‘to the othe<~,materialk in 

compressiv,e propertiee; T.he c,el;l.ua!ose’ acetate with c’ylindri- 
cal cells. oriented per.pendibularly to the’plane of the sheet 
had a flatwise compressive modulus of elaeticity..that. corn- ’ . 
pared favorably with the corresponding v’alue,.f.or, balsa of the 

.I. 
. 

same density. The ,edgew.i.se c:ompr,,e.ssiv’e mod’nlus.:of elasticity 
for hard ru.bber, the most rigid ,o.f. the synthetic organic.. . . 
products, eras 4’percent ofs’the’edgewi8.e value,$or the $ow- I.*’ ’ * * 
density balsa in the 1engthwis.a di.rsction.. T-he compreeeivo 
yield stress for th,e. low-density .bal&a”in”the lengthwiee 

! .’ :’ 
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directiotiltJa8 'm'ore'..than ten t'imes- the value for the har,d: iub: 
ber product. 

. National Bur'eau-,of Standards, 
Wabhington, D.-C'.; March 8, 1945. 

_ -.- 
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TABLE f.- THERMAL CONDUCTIVITY OF LOW-DENSITY MATERIALS : . 

Material 

Cellulose 
acetate" 

Polystyrene 

Hard rubber .L ; . 

Balsa, low- 
density3 

Balsa, high- 
density3 

31aes$ 

1 * . I Dens 

0.56 5.3 

1.11 1.0 

-98 4.3 

1.00 5.8 

.74 10.0 

1.0 10.3 s- 

.ty, Thermal 
tried conductivity', H 

(g/cm") (Btu/hrjfta/OF/in.: 

0.085 

.016 

.069 

.093 .3'2 

.16 

,165 

0.40 

.35 
, 

.25 

* 
.41' 

. . 
,. 

’ . 

‘f’he mean.tempepature for' these teets'.wae'.in' the range 
92O to $POO F,. : ; ... : . - ':,. . , I_. - . '. . .C I .:, y ' . . . * s ., . * 

'"The'te8t rspecimen consisted of two thickqesqea of'thia '- 
material, giving a total .thicknes.d -<f 1.12 in. . 

;, ’ 
. . . l .’ I’ . ..ri . 

'3The-:te8t' e‘pecimen cO'n8i8ted of pieces' 4 b';;'8 
: 
fn: butted.! 

together at the edge8 to form 87in. equar,es; all pfecea’wpre 
cut from the same board. ., 

8.i.' : : . 
'4 The material used in this test, wa&,from 'a 'different 

shipment t,h.an that. us,ed for the 'ath.er:. keegi-,t:8.. one'xpanded glaee, 
The specimen waya .oven=dried at .i60° F prior to,:test. - 



+ , 
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TABLE III.- CHANGES IN WEIGHT AND DIMENSIONS OF LOW-DENSITY 

MATERIALS DURING 240-HOUR OVEN-FOG CYCLIC 

ACCXLERATED WEATHERING TEST 

Material1 

CelluloF3e 
acetate 

Polystyrene 

Zein 

Hard rubber 

Low-density 
balsa 

Glass 

Change in 
weight 

(percent) 

0.05 

-1.2 

-2.1 

-1:2 

-. 2 

-- 4 

Change in length Change in 
and width thickness3 
(percent) (percent) 

-1.0 

-. 9 

-3.0 

-1.4 

-1.0 

-1.4 

lTwo specimens of each materfal were tested. The fig- 
ures in the table are the average percentage changes, based 
on initial conditioned values. 

‘Probable er o r r in the values is of the order Of *o-2. 

3Probable error in the values is of the order Of &o-5. 

'One speoimen exhibited l.l-percent increase, the other 
l.l-percent decrease. 
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TABLE IV.- EFFECT ON LOW-DENSITY MATERIALS OF EXPOSURE 

Material 

cellulo8e 
acetate 

Polystyrene 

Zein 

Hard rubber -2.5 

Balsa,low- 
density 

Glass 

0 

0 

CTJTDOORS FOR 7 MONTHS' 

Changes in 
dimenSiOn8 

Length- :rO88- 
WI se Wi 88 

(percent Tercent) 

-10 to 10 

0 

-13. 

-20 

0 

-9 

-. 8 

-4 

0 

WarrJ 
a 

Length- 
Wise 

(in. 1 

w----s- 

0.12 

2.9 

-6 

.04 

0 

Remark8 
on conditfons after 

exposure 

Badly warped 

Eroded so that thick- 
ness is half of orig- 
inal, except where 
wire screen protected 
panel. 

Underside soft near 
center, probably 
caused by absorption 
of condensed moisture. 

Surface dulled: 
slightly warped. 

Surface cracks in di- 
rection of grain. 

Same a8 original. 

'Specimens exposed from March 15, 1944 to Oct. 1'7, 1944 
on roof of Industrial Building, Nat. Bur. of Standards, 
Washington, D.C.: examined at 3:00 p.m. after 3 days of clear 
weather. 

. "Warp calculated to that for specimen 12 in. in length, 
assuming that warp varies with square of length of specimen. 
The length8 of t-he specimens varied from 9 to 18 in. -- 

1 
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,, 1. TABLE v.- OHAlVd3 iii WEIP~ .hi,~Diu;JtX810d8~0~ LOW-bEA8ITY H.ATICRIALS' 
. . ' . 
. . :. ' ImmRSm, BY)R a DAY0 IN Ck!KIO&8 AT ar5O a 

. . . 
Chemldale ljal 

eroent)~ (petoentj (peroent) (percent 

weight 
. 

10 

1 1 
I 

; 
.- 

4%' 

Et; 
a4a. 

Dissolied 
Dieeolved 

510 960; Water 
Ethyl aloohol, 

96 peroent 
Ethylene glyool 
Olyoerol 
Dfg.g~;g;e 

Aostone 
Yotor oil 

d%if~"~lend l 

Heptane 

130 

Ez 
180 
300 

Diesolved 

100 

f % 
40 

480 
a00 

160 
130 
160 

=% 
a00 

E% 
210 

18 
16 

1670 
1170 

1760 
1370 
1260 

SO 
880 

190 
2% 

: 

L 
0.7 

188 
.7 

O',4 

-. 8 
0 
-. 3 

j-Y?- 
. . 
sS:Sa 
-. a 

'Dieeoloed 
Diesolved 

I 7 -. 
I 

-0.1 
.a 

-0.7 2.0 

1:: 
0 

Length and Width' 
-0.8 
10.0 
5.4 
-. 8 

r-l 

11.3 
-. 4 

-. 4 

-;:“a -. 8 
23.6 

Dleeolved 
-1.8 

'i1.a 
-1.0 

Diesolved 
-49.3 

3:; 
:-.8 

WAer 

Beptane 

Ethyl aloohol, 
96 percent 

Ethylene glyool 
Olyoerol 
Diaeetone 
aloohol 

baetone 
y(qtog 011 * 

CSAa: fW0) 
Qaeoflne blenda 

0 

.6 
0 

.l 
-. a 
0 

5:: 
.6 

Thlokneee' 

Water 
Ethyl aloohol, 
95 eroent 

f Ethy end glyool 
Olycerol 
Diaoetone 
alcohol 

Acetone._ ._ 

-1.0 -1.1 I 1.0 

.4. - 

2:; , 

I a.6 1.4 
,’ ;6 . 

, 

. is” - 6,O 
-1.6 

-0..8 

.'e 
. -. 

:: 

-. 2 
0 

E 
a:4 

.l 
-. 1 
0 

Diesolved 20 13.9 -1.6 
rotor 011 

Dieeolved Diseolved I -. 7 -1.6 1:: 
(SAE fl0) -0.6 -0.2 .o'. 

;,.-. 

;~;;=.&~l+= ':; * :Di;;T$'.yd ,f!;,ib, ,a :4;$*;;'~ . . ':i 
.z, J ; 

-1.9 '"'.:: :-.7 
' *,. 

* *'On8 'specimen of eaoh.&terial k'ie t&t-&." Th~'&kentage ch.s&e is based on the 
initial weight dr dimeneione of the conditioned specimen. 

'The gaeoline blend ooneiated of 60 peroent 100 ootene gasoline, 20 percent toluene, 
16 percent xylene, and 5 peroent benzene. 

'Probable error In the values Is of the order of aO.2. 

'Probable error in the values 16 of the order of t0.5. 
. 
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TABLE PI.- CHANGES II WEIGHTkD DIMDXSIQDS CP LCW-DERSITY YATERIALLLB' 

ZUEfLSED FOR 7 DAYS'iP CHUICALS AT'B6c C'AXD Ti.&& 
-.-- -ye',.: -'.'~"- '~ ..;'.. . 

. ..-- 

AID-DVED AT 26' TC 30' 0 POOR 7 DAY8 

ye p$Em 
dhango 

change 
Chemicals COllUlbS~ PQlY- . for 

;gmwt- Change 
- for hard 

- :a%&- Change 
density for 

- g:::t$t) (;:~~;3'~ .~;:$nt) ~;:%nt, : ~g%, c;cct, (g&t ) 
I. . '. 1' 

" *..:., Weight ----- _. 
1- - 

' ' Watsr ,, 0 0 .' 1: a.7 -1.6 '. 3.4 -4.0 -0.2 
Ethyl elcohol, ; 
96 ercent 

Ethy P ene glpool ai! 2.7 
'- ;;g 49.0 

a8.a :Ez 
2: 

Glyoerol 190 ,147 26:i3 g’” 
15:; 
11.1 

D;F;,;,o,e Dissolred 1.0 SS8 iE80 16.6 
Acetone Dlssolred Dlrsolred -17.7 -3.Q 7.8 tg . -," 

-. 4 
-. 7 

9 tor 011 
? 8AE +lO) 108 

Gasoline blend'. 
187 1 la2 la68 63.6 ace 13.1 

22 DiszYved . 
28.0 31.0 67.0 -. 

Heptane . 1ca 14.0 I:Q 16S -. E 
. Length and Uldtha 

L I .. 
Water -0.4 -0.4 -1.a -0.6 0.1 0.8 0 
Ethyl alochol, 

,o-0.6 
96 peroent 

Ethylene glyool -2: 

-. 

-:a -. : -. 0 ;:o" 3-B' 

.3 

:: s*t 

a 

Glycerol -. 6 -18 -. .i .9 1:c . D;;;M;ze ,I:. 
DiBBOlVed i 
DiBBolVBd Dl&lved 2'6 -iI” 

0 .4 Acetone -. 9 .l -::9 1:s 
Yotor 011 
G%i:%enda ":k 0 

Dlsr13ved . 
-0.8 -.C "2 -.6 T. 

.78 
: -' -.a _ -.l 

Heptane -. 3 -. 4 -1.3.. .4 .g . ,' . 1:; 
Thbkm#B4 ' . . ', -- 

.- 
0 ;: ' ' ' Water 0.4 - 1.6 -0.9 0.4 1.8 Ethyl doohol, - I ;i . . ~ r. $4 

96 eroent 
Ethy P ene 

-1.4 
-.'5.. , - 

2.4 3.0 .a 2.1. -. 4 
glyool -a.c. -. P -1.6 .4 

Glycerol -. 4 0 -E -. 4 
; 

0 ;:t 
a . 

1: : 

D;;,C,B;zTe Dissolved 6 Aoetone Dissolved Dl~%lyed 2:: -i.:“7 0 .4 1:; - 1: t 
;~~~I~~&& -0.3 -0 

13.; 
-2.6 2.6 C4 -.a... 

Dripped' . 
. -.4. ! i -.l 

, Heptane -.s. -1:o . .- . r-g- 

%ne specimen of each material was tested. The percentage change is based on the 
initial weight or dimenelone of the oonditioned specimen. 

sThe gasoline blend consisted of SC percent lOO-octane gasoline, SO percent toluek * A- 
16 percent xylene, sad 6 perosnt bensene. II. .*.. . ..*;,?' y.! 

'Probable error in the VdUeB lr of the order of a0.S. 

?Probable error in the values IB of the crder'gf k6.6. , . . 7. 1. _ 
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TABLE VII.- WATER ABSORPTION1 OF LOW-DENSITY MATERrALS 
w 

Change after Change after Total change 
24-hr immer 8ion 24-hr drying from initial 

Materiala at 7?* F at 122O 3F condition 1 

(percent) (percent) (percent 1 

Weight 

Cellulose acetate 201 -200 1 
Polystyrene 78 -77 1 
Zein 163 -99 64 
Urea-formaldehyde 399 -397 2 
Hard rubber 27.1 -27.5 2.4 
Balsa,low-density 203 -202 1 
Glass 139 -139 0 

Length and Width3 

Cellulose acetate 2.9 -2.7 0.2 
Pclyetyrene -. 2 -. 2 -. 4 
Zeln 1.5 4 1.1 . 
Urea-formaldehyde 4.6 -418 2 
Hard rubber 

-. 
.l -. 3 2 

Balsa, 
-. 

low-density I 
'(l;;th 1.0 .6 

w 3.5 -3.2 .5 
Glass -. 1 -. 2 -. 3 ' 

Thickness' 

Cellulose acetate 0.7 -0.3 0.4 
Polystyrene 3 6 9 
Zein 

-. 
20 -I:1 2.9 

Urea-formaldehyde 4.4 -4.9 5 
Hard rubber 

-* 
.4 2 .2 

Balsa, low-density 2.7 -29 -1.2 
Glass -. 1 -. 1 -. 2 

'Procedure same as Method 7031, Federal Specification . 
L-P-406a (reference 3): 

aOne specimen of each material was tested. The percent- .a 
age change fs based on the initial weight or dimension8 of 
the conditfcned specimen. 

3Prcbable error in the value8 is of the order cfs0.2. 

4Probable error In the values is of the order of f0.5. 
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T 
Mat crlal Mat crlal 

Cellulose Cellulose 
acetate acetate 

Polystyrene Polystyrene 

Z&R Z&R 

urea- urea- 
f ormaaeb;gae f ormaaeb;gae 

&..rd rubber &..rd rubber 

Balsa, Balsa, 
low-densltg low-densltg 

Balsa, Balsa, 
high-density high-density 

, Glass , Glass 

Density 

TJZ?T 

o.osg 
.ogg 

.01g3 

. Olga 

.x69 

.180 

.037 

.071 

.072 

-17 
.22 

165 

kmber o: 
speci- 
IZCnd 

Ic Effective compressive 
modulus of elasticft~ 

~1~:s) $3 
3400 
3300 

300 
MO 

g: 

30 

g 

1400 
1500 

15,o 
34,000 

a. 5000 

280 to 310 
410 to $0 

500 to 640 
260 to 660 

1200 to 1600 
1300 to 1700 

2,000 to 16,000 
7,000 to 3g,ooo 

Spherical 
head used 

Yes 
NO 

Yes 
NO 

Yet3 
10 

Yes 

YOS 
1so 

Yes 
NO 

Yes 
BO 

No 
. 

, 
I 

Rate 
of bead. 
motion 
hll./mln) 

0.05 
.05 

.1 

.l 

.l 

.l 

.2 

.l 
J 

005 

-05 
-05 

05 

-%pacbens were 3 by 3 in. by the thicknssa of the sheet except for the balsa sped- 
mans, Mtich were 1 in. thick with planed faces, 

2Based on compressive deformation as Indicated by change fn distance between the top 
and bottom benring blacks. The slope of the ctraight pbrtion of the graph was used to 
obtain the modulus. 
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NAOA TN No. 991 Fig. 1 

+_. -. ; - .I.... ‘1 

-: ..- --z_ ._.-. - . . . . . --_- - 

Figure 1.0 Sohiefer compressometer used for measuring - 
dimensions of low-density materials, Spec- 

imen Is polystyrene. 



. \ 1 

Figure 2.- !‘bure jig In place in testing maohiae. Law-ma@fioatian 
extenfmneter, Model Pa-7, ie attached, 



, I 
. I 

Figure 3.- Blexuxe specimen of hard rubber in plaae ready for testing. 



NACA TN No. ,991 Fig. 4 . . --- -. _-- 

. 

Figure 4.- Compression test bearing blocks equipped with 
brackets to which Southwark-Peters plastics 

extensometer can be attached. 



. 

NACA TN No. 99 Fig. 5 

i 

." 

z 

Figure 5.0 Specimen of polystyrene in place for flatwise 
compression test. Aluminum alloy spherical bear- 

ing head on top of speoimen. 



NACA TN No. 991 
Fig. 6 

c 

Figure 6.0 6peOiIU8Il Of balsa wood in pIad for 8dg8Wi88 oOm- 
pr888iOIl t88t. High DlslgnifiOatiOll 8Xt8IlSOIll8t8r, 

Model PS-6, i8 attached. 



Figure 7 (a to o).- Samples of low-density materiale after 2 months 
outdoor expomre, March 15 to May 15, 1944, in 

‘Washington, D.C. A, glase; B, hard rubber; C, zein; D, polystyrene; . . 
E, cellulose, acetate; F, low-density balsa. 
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Figure 7.- (continued. 
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. . 

Figure 7.- (Concluded). 



. 1 

Figure 8a,b.- Samples of low-deneity q aterlale after 7 months 
outdoor exposure, March 15 to Ootober 14, 1944, 

in Washington, D.C. A, glass; B, hard rubber; 0, zein; 
D, polystyrene; E, cellulose acetate; F, lor-density balea. 



Figure 8. - ( Ooncluded) . 
. 



NACA TN Ndi 991 Fig. 9 

I 
40. I 

Hard rubber L 

Lengthwise epecimen Crosewise specimen 
Depth 0.99 in. Depth O.Y9 in. 
lidth 1.99 in. Width 1.Y8 in. 

30 span 7.00 in Span 7.00 in. 

Deflec$ion 

Figure 9.- Typical flexure load-deflection curves obtained 
with an automatic recorder. 
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